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Improvements in or relating to Rotary Meters, Pumps and Motors. 

Wc, Edward Nuebuxg, Mechanical Engineer, residing at No. 5G9, West 
17ist Street, in the City, Comity and State of New York, United States of 
America, and Edward Franklin Curtis, Manufacturing Printer, residing 
at Seaford, Nassau County, State of New York, United States of America, <lo 
5 hereby declare the nature of our invention and in what manner the same is to 
be performed, to be particularly described and ascertained in and by the 
following statement: — 

Uur invention relates to devices for receiving the pressure of, or for opera- 
tion upon, a fluid in a cylinder or casing, and has for its object to provide 

10 tooth-outlines, for helical piston wheels, of simple and practical construction 
that will prevent slippage past the piston wheels when exposed on their 
opposite sides to different fluid pressures. 

It is particularly adapted to types of pumps, motors and measuring 
apparatus in which are employed one or more pairs of meshing helical piston 

15 wheels or screws mounted on parallel shafts and rotating within a chamber 
or case which closely fits the perimeters of the wheels. 

When fluid acts upon one side of a pair of such wheels rotation is accom- 
plished by the pressure of the fluid against the sides of the teeth", or pistons as 
the fluid progresses from the inlet to the outlet sides of the chamber. 

20 As heretofore constructed in order that the wheels would mesh excessive 
idea ranees had to be allowed for in the tooth outlines of helical piston wheels, 
as a consequence of which undue leakage or backward slip took place. This 
has been especially so when the depth of tooth (that is, its radial dimension) 
has been large as compared with the outer diameter of the screws and partieu- 

2o larly when operating the wheels at slow speed under a large difference in 
pressure on opposite sides of the screws. 

The present invention consists in providing tooth outlines which are of such 
shape as to effectively seal the piston wheels against leakage or backward slip 
for any relative position they may assume in rotation and which shall be 

30 equally effective for any ratio of depth of tooth to diameter of wheels and for 
any pitch or lead. 

The invention is illustrated in the accompanying drawings, in whirh Fig. 1 
is a longitudinal sectional elevation of one ' embodiment of our invention 
applied to a measuring apparatus. 

Fig. 2 is a longitudinal sectional elevation on line 2 — 2 of Fir*, j. 
Fig. is a transverse sectional detail nil the line -J— I of Fig. 2. 
Fig. 4 is an end view of a pair of helical piston wheels showing the wheels 
fitted into a chamber which closely fits the perimeters of the wheels. 
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Fiij. 5 is a side view of F'ig. 4, with rasing in section, looking from I hi* left- 
hand side showing the position of the fluid at the bcgi lining of a cycle on the 
left siile of the wheel chamber. 

Fig. (J is a side view of Fig. 4, with casing in seel ton, looking from the 
right-hand side showing the position of the fluid at the begin n in g of the cycle 5 
on the right side of the wheel chamber. Fig. T is an. end view of the same 
wheels illustrated in Fig. 4 showing the relative position of the wheels when 
the fluid has progressed sufficiently to turn the wheels on their axes through 
angles of 180 degrees. Fig. 8 is a side view of Fig. 7. with easing in set- 1 ion. 
looking from the left-hand side showing the position of the fluid on the left 10 
side of the wheel chamber. Fig.Q is a side view of Fig. 7, with easing in 
section, looking from the right-hand side showing the position of the fluid on 
the right side of the wheel chamber. 

Fig. 10 is an end view of. the same wheels illustrated in Fig. 4. showing 
the relative position of the wheels when the fluid has progressed sufficiently 15 
to turn the wheels on their axes through angles of 315 degrees. 

Fig. .11 is a side view of Fig ? 10, with casing in section, looking fiom the 
left-hand side showing the position of the fluid on the left side of 'the. wheel 
chamber. » f 

Fig. 12 is a side view of Fig. 10, with casing in section looking from the 20 
right-hand side showing the position of the fluid on the right side of the wheel 
chamber. When the wheels have completed a cycle or when each wheel lias 
turned on its axis through an angle of 300 degrees the wheels are again in the 
relative positions shown in Fig. 4. 

Fipr. 13 is a transverse sectional detail of a pair of helical piston wheels 25 
having tooth-outline modified from that shown in the foregoing figures, which 
however accomplishes the same purpose; and 

Fig. 14 is a partial section shown in Fig. 9 taken through the axes of both 
pistons. I 

In Fi£r. l t A and B represent a pair of mesh in <r helical piston wheels in 20 
which the tooth of wheel A is cut in a rieht-haud helical or screw-like path 
and the tooth of wheel B in a left-hand helical or screw-like path. 

Wheels A and B are fitted into a (wheel) chamber C whith lias the shape 
of two intersecting hollow cylinders whose axes are parallel, with the inter- 
secting portions of the cylinder walls removed. :;5 

An annular web T> at' the bottom of the wheel chnmher C accurately fits 
i i to a recess E of the main casing F. 

The wheel chamber 0 is securelv held in position bv the bottom rover G 
v h». h is bolted to the main casino F bv means of a plurality of bolts TT. 

The shafts or hubs I and T of the helical piston wheels Aand B are carried 40 
hv the hearing brackets K and L which serve to maintain the alinement 
hphyeen the wheel chamber C and the heliral piston wheels A ami B. 

The bearing brackets K and L are secured to the wheel chamber C bv means 
of the screws M. P is a fixed ball braving and Q an adjustable ball bearin- 
for the shaft I of wheel A. ST and O are adjustable ball beaviuirs for the J -5 
wheel KOrTe f ° l * {h * lon " ihulinal or nxJal ft'ljustment of the 

T ?<\«t the helical pistons or blades has a periphery curved cvlindricall v 
to m the corresponding surfaces of the casing and also two unlike helical 
™hl*«V^h» / Vn M * h * ™ *» the peripherics of the piston*. 5 ) 

T? mi? I Hip tnnth ° r ,,la$1 - l * llefi »^ ™.liftl distance (r. in 

IvVnee of 0 STm \° V^J, °" T nllil |1m> °" ter ftp ^lindr.Yallv curved 

>niface of the blade or p,sto„. The shape of these helical surfaces will be 

" 'he tJI of ;r wP n ce . to T fl,oir m ™™ * n„ T P w ™'m«i 

V * - nX %.° f «4 e /heels. Tn one of the constructions illustrated bv the *5 
drawls (Figs. .% 4 7. and 10). one of the helical surfaces of each pi<l 0 « 
exhibits a curved outline composed of a convex outer portion a or r and -i 
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connive inner portion 7 1 or r x ; The said portion q or r is an epicycloid derived 
hum a generating' circle y t Fig. JO, rolling on the outside of pitch-circle, said 
pitch-circle lying exactly halfway between the. outer surface of the hub- and 
the* periphery of :the piston. The concave portion q l or r l ia- a hypocyeloid 
5 derived iicin a like generating, circle rolling in the inside of the pitch-circle. 
The diameters of. these generating circle* are equal to one-half the. depth of 
the tooth or blade. The other helical surfaces of the pistons or blades exhibit 
concave outlines or tooth profiles h, c which arc described by taking a point e 
or / (Figs 4 and ]0) on the circumference of one wheel and tracing it upon a 

10 plane normal to the axes of the wheels as the two pitch-circles roll together, 
i.e., as they are rotated with equal angular velocity in opposite directions. 

In Fig. 4, the crests (meaning the intersection of tooth outline with pitch 
circle) of curves a and *?, also the outer and inner points of curves h and c, are 
on a straight line passing through the axes of wheels A and B. 

15 If we take two plane figures formed as shown at A 1 and B 1 , Fig. 4. and 
rotate them with uniform angular velocity in opposite directions, as indicated 
by the arrows, i.e., roll them upon their pitch-circles, then during one-half 
of the arc of action of tooth outlines h and c, the outer point, e, of tooth 
outline c of the plane figure B l will he in continuous contact with the tooth 

20 outline b of the plane figure A 1 , and tlie point of contact will describe in space 
the an: of a circle //. During tin? other half of the arc of action the outer 
point. /. of tooth outline b, of the plane figure A 1 will be in continuous c ontact 
with tooth outline r. of the plane figure" B\ and the point of contact will 
describe in space the arc of a circle h. 

25 During the arc of action of tffoth outlines a and d there will be continuous 
contact from the root of the tooth of the plane figure A 1 to the root of the 
tooth of the plane figure B l , and the point of contact will describe in space a 
curve tt, Fig. 7. 

If the two plane figures represented by A 1 and B 1 , Fig. 4, he rotated with 
30 uniform angular velocities about their axes, A 1 in a clockwise direction and B l 
in a counter-clockwise direction, and at the same time advanced at a uniform 
rate alonjr their axes until the figures have made two complete revolutions 
theV will have generated the helices A and B shown in Figs. 5, G, S, 9. 1.1, 12, 
1 and 2. The tooth outlines a, b, v, and d, Fig. 4, will have' generated 
35. side surfaces a 1 , b\ c\ and d\ Figs. 5 and C. The points e and /, Fig. 4, will 
have generated the outer edges c 1 , Fig. G, and f x , Fig. 5. 

It is apparent that helical teeth cut with these outlines will mesh, since a 
normal section taken anywhere between the ends will tfivc outlines similar 
to A 1 and B 1 , Fig. 4, and furthermore there will be simultaneous contact at 
40 different points between the side surfaces a 1 and iP, Figs. 5 and C from the 
root or inner end of one tooth to the root of the other. This line of contact 
projected axially on a plane normal to the axes of the wheels would be as 
shown at //. Fig. 7; that is to say, while the line of eontart progresses in a 
direction parallel to the axes, during the rotation of the piston, its axial 
4o projection remains at // irrespective of such rotation. 

The outer edge of side sulfat e r\ that is to say, e x , Fig. 0. will he in simul- 
taneous contact at successive points of the side surface b x from a point #' at the 
intersection of the circumference of the two wheels to a point j at the root 
of h\ on a plane passing through the axes of the wheels, similarly there will 
ou be simultaneous contact from analogous points o to />. 

These lines of contact projected on a plane- normal to the axes of the wheels 
would be as shown at //. Fig. 4. 

The outer edere of side surface b x . that is to sav }\ Fig. 5, will be in simul- 
mm taneous contact at successive poiuts of the side surface t 1 from a point ?» at 
«*> the intersection of the circumference of the two wheels to a point n at the 
riNit of r] on a plane passing through the axes of the wheels, similarly there " 
will be simultaneous contact from analogous points 3 to t. These lines of con- 
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tact project,-.! 011 a plane normal to the axes of the wheels would be as shown 
at h, I'ig. 4. 

The width of the grooves at (lie root are the .same as the widths of the outer 
surface of the teeth measured along lines partillel to the axes of the wheels *lso 
the cylindrical outer .surface of one wheel is in sliding contact with the cvlin- 3 
dncal loot surface of the groove of the other wheel on a plane passing through 
the axes of the wheels. , ° " 

AVith the helical piston wheels A and B in relative positions shown ill 
ligs. 4, 5. and 0. fluid entering the chamber comes in contact and acts upon 
the tooth side surfaces />' of wheel A and </' of wheel B. Assuming for a 10 
moment that the wheels are stationary, (hen the fluid on the right-hand side 
of the chamher shown in Tig. 0 is unahle to pass licvond the line of contact 
between the points / and ; and i s unahle to pass into the other side of the 
chamber shown in Fig. 5 |, v reason of tbe contact between the outer surface 
of wheel It anil the root surface of wheel A between the poiuts j and /, 15 
and outer surface of wheel A and the root surface of wheel B between the 
points I and «. The line contact between tooth surfaces «• and <7' forms con- 
tinuous contact between the points k and /. The fluid on the left-hand side 
ot the wheel chamber, shown in Fig. 5, is unable to pass bevoud the line of 
contact between the points m and „. The snug fitiiug sides of the case C 20 
prevent the passage of fluid between the outer surfaces of the wheels A and B 
and the case C. 

If now it is assumed that the fluid acting upon the tooth side surfaces of 
j i oa i a " ! S l >er , m,Up<l to turn the wheels on their axes through an-les 
of 180 degrees then the fluid will advance to the lines of contact t«— and 
m' — ligs. 3 and 9. J io 

If the wheels A and B are turned on their axes through angles of 
dlo degrees, then the fluid will advance to the lines of contact i»— )" and 
«'"—»", Figs. 11 and 12. 7 

• l,!V , \ e i W . , n 1S i X turned on their axes through .300 degrees then 30 

the fluid will , advance to the lines of contact c— » and *— t, Figs. G and 5 
llie wheels will have made a complete revolution, and auv further movement 
of the wheels will cause the fluid ahead of the lines of contact i—j and /«— ,, 
to be displaced and pushed forward to the outlet 

It is apparent that if a fluid acts upon the tooth side surfaces of wheels A 35 
and B with sufficient pressure to overcome the resistance ottered the wheels 
must turn on their axes, which i s the condition obtaining in a motor or 
measuring apparatus. n 

Conversely if power is applied to the wheel shafts causing the wheels A 

fluid I n Z n .U \ (lH,l .\ axr * tl " > 1 «'"t" wi " »■'* «PO« the fluid and the 40 

fluid u.ll be drawn into the chamber and forced out on the opposite side, 
which is the condition obtaining in a pump. 1 1 

. It is also apparent that what has bean designated the inlet side ot the 
chamber n, ay be the ou.let .sub. The fluid pressure at auv given point on he 

oil, s.de surface ,., normal to the surface on which it ac7s. This normal 45 
pressure may )e resolved into two forces, one acting in a lateral direc 

b eet on tending to tnru the wheels on their axes. If then two pairs of 

shaft at i pp,o,:r,atc distances from each other and the inlet, chest placed 50 
between the two pans of wheels and the outlet, chests at the other ends of the 
^^U^^ M ,h "" t " «» ^ • reducing' the 

As appears by Fig 14 one helical surface of each piston is in tangential 
obstructing contact with (he like helical surface of the other piston. The ot er 55 
helical surface of each piston ,s ,„ obstructing contact with the outer ed~e of 
the helical surface of the same kind on the other piston. By "obstructing 
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contact 91 we mean a contact, such as will prevent leakage. -It will also be 
observed. that such contact extends from the hubs or shafts to the outer surfaces 
or peripheries of the pistons. 

Iu« Fig. 13 tooth outlines v'aml tr accomplish the same purpose as' tooth 
5 outlines « and d in the foregoing figures. During the arc of action there will 
be continuous contact from the root of one tooth to the root of the other. The 
faces or convex outer portions of outlines v and w are traced by taking a 
point on the pitch line of one wheel and tracing it upon the other "wheel in a 
plane normal to the axes, as the two wheels roll upon their pitch circles. The 

10 flanks, or concave inner portions, of outlines v and tc are formed by taking 
the outer points of the faces on the circumference of the wheels and tracing 
them upon plones normal to the axes of the wheels, as the two wheels roll 
upon their pitch -circles. The point of contact during the arc of action will 
describe in space a curve shown by dotted line .r. 

15 Referring now to Figs. 1 and 2, the fluid entering at R comes in- contact 
with the surfaces of the screws A and B. The fluid has no other outlet except 
that furnished by the rotation of said screws. As the fluid to be measured 
passes through the chamber C to the outlet S it will continuously rotate 
wheels A and B and will carry over only a certain fixed quantity of fluid for 

21/ each revolution of the screws. 

The train of gears designated as T are reduction gears to allow the indica- 
tion in convenient units of measure. The stuffing box IT contains the menus 
of connection between the train of gears and the external and visible 
register V. At W are shown spur gears to prevent wear on the tooth surfaces 

25 of wheels A and B, by preserving a proper angular relation between the two 
: pistons. A screen X is placed at the inlet to the wheel chamber to prevent 
{foreign matter from entering the interior. 

*i " Fl r S i*- 1 , aut V 2 also sJlow an improved connection between the register V and 
the helical piston wheels. On one of the shafts of the train of gears T is 

30 secured n i disk T 1 preferably roughened by radial corrugations, and this 
friction disk is in driving engagement with a wheel V\ preferably also 
roughened, which is mounted on the register V in such a manner as" to be 
adjustable toward and from the center of the friction disk T 1 . For instance 
as shown the wheel V* may be screwed on the register shaft, nuts (not shown) 

35 or the like serving to hold the wheel after adjustment. Bv this construction 
a very delicate and accurate adjustment of the register indications can be 
obtained, so that the instrument will read correctlv. 

In the drawings we have shown one-tooth helical piston wheels with two 
evolution* of the threads. Helical piston wheels mav be constructed wi h 

40 more than one tooth and with more than two convolutions of the threads an 
tTeth nr y ri epth . 0f *\™ d - ™° P^ons may have the sante nS r 
ami speed Sios! " * ° f WheClS * ls ° b * ° f ,, "* r «* diameters 

4-1 nnirn?!! J™ 1 *?*™! ^ while we have shown the utilization of the 

45 pair of he heal piston wheels of my invention in connection with a fluid meter. 

eninSd°L e nfi mple V "* U ih(li tLe same inv *ntiv e principle mav be 

employed in other devices such as pumps and motors. \ 

Haying now particularly described and ascertained the nature of our said 

50 XtTe%£ l , is:L hat ^ ^ U *° ^ *"*»^ ™ ^clare that 

-V A d * evice °S tlle character described, comprising intenncshing. helical 
pistons of opposite pitch mounted to rotate about parallel axes in^a casfn* 
whose inner wall conforms to the paths of the outer surfaces of said nimbus 
each piston having two unlike helical surfaces, one of the helical surf aces of 
5a one piston being in obstructing contact with the like helical surface of the 
other piston. 
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2. A devicerof the" character, set forth iu Claim- L>:iu which the other helic al 
surface of the ouc piston is iu. obstructing xontact with.the outer euVe- of.. the 
helical surface of the same kind on the other piston.. . .. .f . 

A ^device. .of the character., set - forth in s Claims. ;1. -and : .2, in which, the 
unlike helical 'surfaces, have respectively convex, a nil no a cave, elements, prefer- 5 
ably both in axial, and transverse. section; . 

4.. A device of the character set forth in Claim 1, in which the adjoining 
helical surfaces of the two pistons are in obstructing contact with each other 
along continuous lines which shift in an axial direction as the pistons rotate, 
the. axial projections of said lines being constant. & ' 10 

5. A device of the character set forth in Claim ], in which one helical 
surface of each piston exhibits, in any section perpendicular - to the pision 
axes,. an. outline the outer portion of which forms a concave curve, while the 
other helical surface of the same piston, in any such section perpendicular to 
the axes exhibits a concave outline. 

6. A device of the character set forth in Claim J, in which one helical 
surface of each piston exhibits, in any section perpendicular to the piston 
axes, a curved outline composed of a convex outer portion and a concave inner 
portion, while, the other, helical surface of the. same piston exhibits a concave 
outline m any section perpendicular to the axes. 20 

7 A device of the character set forth in Claim J . in which one helical 
surface of: each piston exhibits, in any section perpendicular to the piston axes, 
a curved, outline whose convex outer portion is an epicycloid and whose con- 
cave inner portion is a hypocyeloid derived from a circle of like diameter 
rolling: on the same pitch circle, while the other helical surface of the same 05 
piston, in- any; section perpendicular to said axes, exhibits a concave outline 

8. A device of the character set forth in Claim 1, in which one helical 
surface of each piston exhibits, in any section perpendicular to the piston 
axes, a curved outline, whose convex outer portion is an epicvcloid and whose 
concave inner portion is a hypocyeloid derived from a circle* of like diameter 30 
rolling on the same pitch circle, while the other helical surface of the same 
piston. 111 any- section perpendicular to said axes, exhibits a concave outline, 
derived . bv tracing upon one of the pistons, the path described bv a point on 
the periphery of the other piston during the simultaneous rotation of the two 
pistons. . * 

9.. A device : of the character set forth in Claim 1, in which one helical 
surface of each piston exhibits, in any section perpendicular to the piston axes 
a curved outline whose convex outer portion is an epicvcloid and who.^e con- 
cave lnuer. portion i s a hypocyeloid. both said epicvcloid and said hvpocvcloid 
being derived frozn a circle whose diameter is equal to one-half the radial 40 
depth of the piston, rolling on the same pitch circle, while the other helical 
surface of the same piston, in any section perpendicular to said axes, exhibits 
a concave outline. \ ' 

° f V' e tha ™\* v ? pt to >*h 111 1. in which „„o helical 

Miifaie of each piston exhibits, in any section perpendicular to the piston 45 
axes, .n curved outline whose convex outer portion is derived bv tiacin.r on the 
diirin th'' ' ,e * » , *« . b !" » P™* on the pitch circle of the oiheV p Vton 

" » t u, sunultaneous rotation of the two pistons, and whose concave inner 
portion m derived by tracing on one of the pistons, the path described In •» 

"trn {^^Jfff 7 .? rt 0t i , -l> i r t0Jl -nn^aneo^roSion ,, 50 

1 P'^ous while the other heltcal surface of the same piston in anv such 

PWlKulnr to said axes, exhibits a roncave on tline derived Tv 
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arranged to reach at the same time, a line passing in the plane of the cross 
section, through the axes of rotation. 

VI. A device of the character set forth in Claim 1, in which a friction disk 
is opera lively connected with the pistons and frictionally engages a wheel 
forming part of a register, said wheel being adjxi stable toward and from the 
center of said disk. 

Dated this 5th day of July, 1917. 

MARKS & CLERK. 
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